共役勾配法の未解決問題(科学技術における数値計算の理論と応用) by 野寺, 隆
Title共役勾配法の未解決問題(科学技術における数値計算の理論と応用)
Author(s)野寺, 隆





































, , 40 ,
1984 , Faber Manteuffel [6]
,
, 1
1986 Saad Schultz [8] GMRES ,
, 1 ,
GMRES ,





(Generalized Conjugate Gradient Method, GCG )
([11,10,9]) , Weiss [9]
,
]
(1) $x_{0}$ , $r_{0}=Ax_{0}-b$ , $P$
(2) $(k=1,2,3, \ldots)$
(i) (ii)







$r_{k+1}Zr_{k+1-r}=0$ , for $i=1,$ $\cdots,$ $\sigma$ , (2)
, $Z$
(ii)
$||r_{k+1}||_{Z}= \min_{\mu\mu_{k+1-\sigma},k}\ldots,||r_{k+1-\sigma}+\sum_{i=1}^{\sigma}\mu_{k+1-i}AP_{k+1-i}||_{Z}$ , (3)
158
, $Z$





$\sigma=k\mathrm{m}\mathrm{o}\mathrm{d}$ $\sigma_{res}+1$ , $\sigma_{res}$ (
) (restarted version)
$\bullet$ \mbox{\boldmath $\sigma$}ma \mbox{\boldmath $\sigma$} $= \min(k+1, \sigma_{\mathrm{m}\mathrm{a}\text{ }})$ , \mbox{\boldmath $\sigma$}ma
(truncated version)
$\bullet$ (combined version)
, $\sigma$ $k$ , \mbox{\boldmath $\sigma$}k \mbox{\boldmath $\sigma$}
, $\sigma_{\mathrm{r}\mathrm{e}\mathrm{s}}=\sigma_{\max}=1$ , $\sigma=1$
$y\in R^{n}$ $||Y||$ , $||Y||z=\sqrt{y^{T}Zy}$ , $Z$
(positive real) , , $Z$
, $Z$ ,
, $||y||$ , $Z$
$r_{k+1}$ Krylov $I\acute{\mathrm{t}}_{k+1}$ $(AP, r_{0})$ ,
Krylov 1 ,
$r_{k+1}$ $=$ $\prod_{1}^{k+1}(AP)r_{0}=\sum_{i=1}^{k+1}\nu_{i,k}(AP)^{i}r_{0}+r_{0}$ (4)
$e_{k+1}$ $=$ $\prod_{1}^{k+1}(AP)e_{0}=\sum_{i=1}^{k+1}\nu_{i,k}(AP)^{i}e_{0}+e_{0}$ (5)
, $e_{k+1}=x_{k+1}-\overline{x}$ ( $\overline{x}$ ) , $\prod_{1}^{k+1}$ $k+1$
, $\Pi_{1}^{k+1}(0)=1$
, $Z$ , , (2)
$|| \overline{r}_{k+1}||_{Z}=\min$ (6)
, $\overline{r}_{k+1}$ (6) , $Z$
– 1 , (2) ,
(pseudo residual method, PRES ) ([9])
159
, (3) , ,
(conjugate residual) \, MR (minimal residual) ([7])




(1) $x_{0}$ , $r_{0}=Ax_{0}-b$ , $Z$
(2) llrk+lllZ $(k=1,2,3, \cdots)$
$d_{k}$ $=$ $Pr_{k}$ , ( $P$ : ) (7)
$\alpha_{i,k}$ $=$ - $\frac{r_{k+1-i}^{T}ZAd_{k}}{r_{k+1-i}^{T}Zr_{k+1-i}}$ for $1\leq i\leq\sigma_{k}$ , (8)
$\overline{r}_{k+1}$ $=$ $Ad_{k}+ \sum_{i=1}^{\sigma_{k}}\alpha_{i,k}r_{k+1-i}$ (r-k+l: ) (9)
$\phi_{k}$ $=$ $1/ \sum_{i=1}^{\sigma_{k}}\alpha_{i,k}$ (10)
$r_{k+1}$ $=$ $\phi_{k}\overline{r}_{k+1}$ (11)
$x_{K+1}$ $=$ $\phi_{k}(d_{k}+\sum_{i+1}^{\sigma_{k}}\alpha_{i,k}x_{k+1-i})$ (12)
, $P$ , $Z$ , \mbox{\boldmath $\sigma$}k , -
, $Z$ $I$ , ORTHORES
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